The worldwide fallout from the stratosphere occurs at a slow rate. The rate of descent of the tiny particles produced by the detonations is so small that something like five years appears to be the average time those from equatorial shots spend before descending to the ground, corresponding to an average annual rate of about twenty per cent of the amount in the stratosphere at any given time.
A principal point of this paper is to present evidence for the theory of Dr. E. A. Martell' that shots conducted in polar latitudes have a much shorter stratospheric residence-of about one year. This earlier precipitation of Russian debris has reduced the estimated residence time for equatorial fallout to five years because the method is to compare the observed fallout rate with the stratospheric inventory which necessarily becomes smaller by the earlier subtraction of the Russian polar debris.
It is not clear as to just how the tiny stratospheric particles do finally descend. It seems possible that the general mixing of the stratospheric air with the tropospheric air, which occurs as the tropopause shifts up and down with the season as well as what is brought about by the jet streams, constitute the main mechanisms. The descent of the stratospheric fallout apparently is never due to gravity but rather to the bulk mixing of stratospheric air with tropospheric air which brings the radioactive fallout particles down from the stratosphere into the troposphere where the weather finally takes over. This mechanism makes the percentage rate the same for all particles too small to fall of their own weight and the same as would be expected for gases, providing some means of rapidly removing the gases from the troposphere exists, so the reverse process of troposphere to stratosphere transfer would not confuse the issue.
The worldwide fallout from the stratosphere descends very slowly, corresponding to residence times of 1 to 5 years depending on latitude, whereas the troposphere has a mean residence time of only one month with the air in the lower 10,000 feet being washed clean on the average about every three days. Between 10 ,000 feet and the tropopause, which is at something like 35,000 north of 30'N and at about 55,000 feet in equatorial regions between 300S and 30'N, the residence time is perhaps 45 days for a half time for the troposphere as a whole of about one month. This short time means that radioactive fallout which is injected into the troposphere is restricted to the general latitude of the detonations for the reason that the residence time is so short that it doesn't have time to mix appreciably latitudinally. Similarly, the 1 year residence time for polar stratospheric debris means that it falls out mainly in the Northern Hemisphere because the inter-hemispheric mixing time appears to be longer.
The principal mechanism for precipitation of fallout is rain. Apparently, the tiny fallout particles hit cloud droplets and stick to them, because the particles are so small (perhaps a few hundred atomic diameters) and thus are subject to the violent random jiggling due to collisions with air molecules, the Brownian motion. In fact, for a particle one micron in diameter, Greenfield2 calculates that the mean residence time in a typical cloud of water droplets of 20 microns diameter would be between 50 and 300 hours, that for a particle of 0.04 micron diameter it would be between 30 and 60 hours, and that for a particle of 0.01 micron diameter it would be between 15 and 20 hours. The cloud droplets occur. Of course, once the fallout particle is taken into a droplet it is likely to be carried along with the normal weather processes from which rains result. There is essentially no worldwide fallout in the absence of rainfall; i.e., in desert regions-except for a little that sticks to tree leaves, blades of grass, and surfaces in general, by the same type of mechanism Greenfield describes in the case of clouds. Thus it is that the moisture in the troposphere assures the short lifetime of the tropospheric worldwide fallout particles and, that stratospheric air which contains essentially no moisture* has a much longer residence time. When stratospheric air finally does descend into the troposphere, the tropospheric moisture proceeds to clean it up by the Greenfield mechanism of accretion on to cloud droplets. In the absence of firm direct measurements, an estimate of the stratospheric content is made by adding the amount of radioactivity which is injected, subtracting for the fallout and radioactive decay and calculating by difference. In this way numbers are derived which can be used to compare with the information that is available on stratospheric content and to calculate residence times from the observed fallout rates. Certain empirical rules have been used to estimate the injection numbers. These are:
A. Division between local and worldwide fallout:
(1) Air shots-no local fallout-100% worldwide (2) Surface shots on ground 80%,0 local fallout 20% worldwide (3) Surface shots on water 20% local fallout 80% worldwide B. Division of worldwide fallout between stratosphere and troposphere:
(1) Megaton yields-99% in stratosphere 1% in troposphere (2) Kiloton yields-100% in troposphere Figure 3 gives the stratospheric inventory for strontium-90 as deduced in this manner up to January 1, 1959, calculated on the basis of two assumed residence times 5 and 10 years and neglecting the Martell theory of shorter residence time for Polar shots.
The totality of nuclear releases to date, together with some over-all mention of the firing conditions is given in Tables 2, 3 * A value of 50% has been arbitrarily selected for the fission to total yield ratio for all Soviet thermonuclear tests.
As indicated in the tables, 50% is about the average fission to total yield ratio for all U.S./U.K. thermonuclear tests.
Anticipating for the moment the result for which we present evidence presently, namely that Martell's theory is essentially correct, one then should subtract from the 11 megatons excess in the spring of 1958 in the Northern Hemisphere approximately 3 megatons estimated tropospheric fallout from the Northern Latitude test sites to find an excess of some 8 megatons from Russian Polar debris. Now having set aside some 8 megatons of Russian Polar stratospheric injection from the general worldwide stratospheric pool of 26 megatons given in Figure 3 , the rate of uniform worldwide fallout observed in the years between 1956 and 1958, 2.2 megatons per year in the Southern Hemisphere on the average, is to be compared with 18 megatons and in this way we calculate that the stratospheric residence time for equatorial injections is between 4 and 5 years, corresponding to a half-life of about 3 years on the average.
In order to study the general rate of spread of the Russian October debris we present in Figure 2 the data of the Naval Research Laboratory (L. B. Lockhart3") on the concentration of radioactive fallout mixed fission products at a variety of positions along the eightieth western meridian, for the months in the late summer and early fall of last year when the Pacific Operations were being conducted and terminated and in months at least, but that mixing seems to have occurred as far south as the equator and to have essentially stopped there up to that time. Figure 5 shows the data for the stratospheric content of strontium-90 as taken between 50,000 and 90,000 feet altitude in the period November, 1956 to November, 1958 by the ASHCAN balloon borne air filter project. The average concentrations in the 50,000 foot to 90,000 foot altitudes range were 24 The numbers in parenthesis are derived by taking the curve as drawn in Figure 6 , calculating from it the expected strontium-89/strontium-90 ratio and using the observed total strontium activity in the sample of rainfall involved to calculate the strontium-90 contribution, and thus to calculate the total fallout in the storm in question. Figure 7 , by subtracting the 1958 rate for Pittsburgh after removing the April, 1958 rise which it showed, presumably due to the Russian tests at the end of February, 1958, and multiplying by the ratio of the mean annual rainfall to that for Washington. Thus we see that there is a difference in residence time for polar and equatorial shots 1958 had tropospheric origin, we can predict the future fallout to be expected from past tests. Neglecting for the moment the past and taking only the future beginning January 1, 1959, there are two terms-the Russian October and the worldwide reservoir. Then the total future deposition in the Northern Hemisphere t years after January 1, 1959 would be expected to be [9(1 -e-t/5) + (12.5 to 15)(1 -e-t)]e-t/0 in megatons fission equivalent (or in millicuries of strontium-90 per square mile if spread uniformly), the first term being the uniform stratospheric fallout with a residence time of 5 years and the second being the Russian October with a mean residence time of 1 year. The final factor is for the radioactive decay of the strontium-90.
For any given latitudinal belt the prediction is obtained by using the soil data profile of Figure 1 and adding for the Nevada extra contribution for the U.S. Thus we obtain the results shown in Figure 8 and Table 6 . Since the soil data ill In this, the first number 15 is the average U.S. excess from Table 1 , the second is the estimated mean in the 200 to 50'N latitude band as of January 1, 1959. The third term is the worldwide fallout using only the 9 megatons that will be expected in the Northern Hemisphere and the fourth is the Russian October term. The asymmetry factor of 22/11 is taken from Figure 1 as the ratio of the average observed fallout in the 200 to 500 band, less the 7 mc/mi2 of uniform worldwide, to the hemisphere-wide average of 18 Mc/mi2 less the 7 Mc/mi2 also, or 11 Mc/mi2.
Bomb Carbon-14 and Tritium.-As pointed out earlier,5 the neutrons escaping from a nuclear device during a nuclear explosion in air will make carbon-14 almost quantitatively just as the cosmic ray produced neutrons do in the genesis of natural radiocarbon. As stated previously, as of January 1, 1958, an estimated 1028 carbon-14 atoms had been injected into the atmosphere, mostly in the stratosphere. The present total figure should be higher in approximate proportion to the total estimated yields. This is to be compared with a normal stratospheric carbon-14 content of about 9 X 1027 carbon-14 atoms so the stratospheric carbon-14 content should have been about doubled. Data on the rise in carbon-14 content of the troposphere and living matter are given in Figures 9 and 10 and the recent literature.4 13-19 From these it is clear that the carbon-14 descent from the stratosphere is not out of keeping with a residence time of several years, possibly five, although our knowledge of the stratospheric reservoir content is imperfect.
The similarity between the rises observed in the Northern and Southern Hemispheres suggest a short latitudinal mixing time of the order of two years or less as pointed out by Fergusson'5 amount of tritium but because the devices previously have always been fired in the troposphere only a part of the radioactive water formed from this tritium has remained in the stratosphere. This is because a large quantity of water is incorporated in the fireball under these conditions with the result that when the fireball rises into the stratosphere and cools it makes the familiar white cloud consisting of rather large ice crystals which fall rather quickly and thus carry a considerable part of the tritium back to the troposphere again. This did not happen for the two devices fired over Johnson Island in the stratosphere in August, 1958 and, therefore, we can expect a relatively large increase at this time in the stratospheric tritium water content over that the cosmic rays have put into the stratosphere naturally. The quantities produced by the bombs could well raise this natural level several hundred fold. The stratosphere is so low in moisture (a fair estimate seems to be about 10 milligrams per square centimeter of the earth's surface for the entire stratosphere as compared to something like 2 to 3 grams per square centimeter for the troposphere) that the concentration of the cosmic ray tritium in the stratospheric moisture should be very high, something like in the inverse ratio of the water concentrations, together with an additional factor for the 5 year storage time of the cosmic ray produced tritium.
In substance, the hydrogen bombs fired over Johnson Island made tritium water in large quantities in the stratosphere and it is to be expected if the simple uniform model for equatorial injections is correct, that the rains all over the world will show a stratospheric tritium drip as well as the stratospheric strontium-90-cesium-137 fission product drips which have been occurring for years. But this stratospheric tritium drip probably will have had its zero time in August of 1958 since earlier tropospheric firings probably added relatively less. This tritium should be useful in studying the normal hydrological cycles of the atmosphere and hydrosphere and the circulation patterns of the oceans. So it is with real interest that we look forward to the next few months of rainfall to determine the mechanism by which moisture in the top part of the world's atmosphere mixes with the lower stratosphere and with the troposphere and the land and ocean waters. This may prove to be an important contribution to meteorology and geophysics if it develops as expected.
A further point is that the Russian October shots having been fired in cold dry Polar air may have left more in the stratosphere than other tropospheric explosions and this coupled with the shorter residence time of the Martell theory should add appreciably to the Johnson Island tritium water fallout in the Northern Hemisphere.
A crude theory based on the assumption that about half of the water in the ice crystals in the equatorial stratospheric clouds evaporates before the crystals fall down into the troposphere and using a yield of tritium proportional to the fusion yields from Tables 2, 3 , and 4, and assuming Martell's theory is correct for Polar shots, predicts a value of 800 to 1,000 tritium units (10-18 T's per H atom) for rain in the Northern Hemisphere in the spring and summer of 1959. This, though a level entirely safe from a health standpoint, makes the measurement of tritium contained in rain and surface water at such levels relatively simple. Communicated by Joshua Lederberg, May 12, 1959 Introduction.-The phenomenon of genetic recombination by sexual mating in bacteria, described by Tatum and Lederberg' has been investigated intensively by Lederberg et al.2 and many other workers. These classical studies were carried out almost entirely with the K-12 strain of Escherichia coli, although comparable results were obtained with a small number of other strains of E. coli.1 4 In further studies, Cavalli5 found that the frequency of recombination could be greatly increased by using a highly fertile mutant of the K-12 strain. Additional high frequency of recombination (Hfr) strains of K-12 have been isolated in a number of laboratories.6'7 The concept of compatibility among certain K-12 derivatives has led to a detailed description of the fertility factor (F), so that it is now understood that mating consists of a unilateral contribution of genetic material from the Hfr or the F+ strain to the recipient Hfr, F-or F+ organism.8-1'
In an attempt to demonstrate recombination between diverse species of bacteria, Many of these results have dealt with the phage-mediated transfer of genetic material between different species of bacteria and even organisms classified in different genera have been altered by a suitable phage. 9 Genetic recombination between bacteria of different genera, however, has only recently been reported by Luria and Burrous2' with the demonstration of mating between E. coli K-12 and various species of Shigella. The results of these workers have indicated the presence of the same fertility system in Shigella species as is known to exist in the E. coli mating strains. Attempts at recombination of E. coli
with Salmonella species by a number of workers, however, have been uniformly juegative,
